that cardiac hypertrophy is an adaptive response of the heart to a sustained increase in work load that enables it to adjust its mass to meet the increased work requirements.
This process of cardiac growth may be separated into three stages : I) developing cardiac hypertrophy, a period of active accumulation of myocardial components; 2) stable cardiac hypertrophy, a steady-state in the synthetic and degradative rates; and 3) hypertrophy with failure which may follow prolonged or severe increase in work load (27) . The isolated hypertrophied myocardium has been extensively studied, but there is little information regarding the functional changes occurring in the stage of stable hypertrophy in the intact heart. In light of the studies available in the literature, the question whether stable cardiac hypertrophy is associated with decreased myocardial contractility has been controversial (31). Bing et al. (5) On the other hand, several studies have shown normal or enhanced cardiac function and contractility in animals and human subjects with hypertrophied nonfailing hearts and in isolated hypertrophied myocardium from nonfailing hearts (1, 4, 8, 13, 16, 23 is LV oxygen consumption (in rnl/min); and 2.059 is the work equivalent (kgm/ml) of oxygen consumption at a cardiac respiratory quotient of 0.82 (6). ~LV~? product of QLV _ (ml/min) was obtained from the (ml/ min) and the arteriovenous difference in oxygen content across the left ventricle. Roth ~LV~, and QLV were also normalized per 100 g LV wt.
RESULTS
The data obtained in the LVH group were compared with those in the normal (N) group with the use of the twotailed Student t test. The stability of LVH was confirmed by normal LVEDP and absence of any evidence of pulmonary edema or cardiac decompensation.
Mean left ventricular weight was 120 zt 10 g in LVH and 91 rt 6 g in N, while the right ventricular weights were not significantly different (Fig. 1) . The ratio of LV weight to RV weight was significantly higher in LVH (Fig. 1) . The right ventricular weightto-body weight ratio in N of 2.7 X low3 =t 0.16 was not significantly different from the right ventricular weight-tobody weight ratio in LVH of 3.0 X 10B3 =t 0.25. However, the left ventricular weight-to-body weight ratio in LVH of 6.6 X 10M3 rt 0.51 was significantly greater (P < 0.01) than the value of 4.2 X 10U3 =t 0.36 in N. These data indicate the selectivity of the left ventricular hypertrophy. The comparison of the two groups is summarized in Tables 1 and 2. Cardiac function. Cardiac output, normalized for body weight in kilograms, was significantly greater in LVH than in N. Heart rates in N and LVH were not significantly different. Stroke volume in LVH of 26.0 =t 4.8 ml was significantly greater (P < 0.05) than the mean value in N of 16.5 rt 2.8 ml.
The phasic left ventricular pressures and dP/dt in the two groups are shown in Fig. 2 . The mean and peak left ventricular systolic pressures in LVH were higher than in N; LVEDP in the two groups were not significantly different. Aortic pressures in N and in LVH distal to the band were similar. The peak systolic gradient across the band averaged in the two groups. Flows are expressed per 100 g LV wt.
The results indicated that mean left coronary flow per 100 g LV wt was significantly lower (P < 0.05) in LVH as a result of the differences in the systolic flow pattern and no change in the diastolic pattern. Representative pulsatile flows in the left circumflex artery of normal and hypertrophied left ventricles are shown in Fig. 3 . Retrograde flow in late systole was observed only in the hypertrophied group (Fig. 3 ). Metabolism and oxygen consumption. Table 2 shows the oxygem content of arterial blood (CaoZ) and effluent blood from the LV (CLV~,), the arteriovenous difference in oxygen content across the LV, and the LV oxygen consumption per 100 g LV wt. The data indicate a significantly lower (P < 0.05) CLVO, in LVH which results in a significantly wider (P < 0.05) arteriovenous difference in oxygen content. There was a significantly higher (P < 0.05) oxygen extraction ratio in LVH (0.52 =t 0.031 in N and 0.65 A 0.020 in LVH).
The lactate-to-pyruvate ratio in the effluent blood from the left ventricle in LVH was 27.3 rt 2.8, a value significantly greater (P < 0.05) than that of 19.1 A 2.3 in N.
DISCUSSION
Myocardial hypertrophy occurs in response to chronic increase in cardiac work. It has been suggested that hypertrophy is an adaptive mechanism which allows the heart to handle the increased work load (30). However, the basic question whether hypertrophy is associated with any change (23) found no change in the force-velocity relations in a similar group of patients. However, the interpretation of V,,, as a reflection of contractility is subject to criticism, as its determination in the intact left ventricle is based on assumptions. In addition, the possibility that the reduction in contractility was secondary to heart disease rather than to hypertrophy itself could not be ruled out in studies on patients. Spann et al. (35) have suggested that contractility of the hypertrophied muscle is depressed, but pump fraction was not altered. The cardiac output in cats with hypertrophied right ventricles was higher than in the normal cats; however, isolated muscle studies using hearts of the same cats, demonstrated a depression in tension development and in V,,. It was proposed that despite the decrease in myocardial contractility, the pump function of the hypertrophied heart is maintained by a combination of the Frank-Starling mechanism and increased sympathetic stimulation there is a =t 12.4 % variation when compared with a more direct method of measuring flow with the use of a rotameter (14). In the present study, flows were measured electromagnetically in the left circumflex and left anterior descending arteries, and it was assumed that they represented total flow to the left ventricle. Septal flow which may account for 1 l-14 % of normal left coronary flow (9) was not measured in either group. Mean flow per 100 g LV wt to the hypertrophied left ventricle was significantly lower than the mean flow to the normal left ventricle. A decrease in mean right coronary artery flow also has been observed in adult dogs with congenital pulmonic or subpulmonic stenosis (24). These findings support the hypothesis (10) that the hypertrophied heart may fail by depriving the hypertrophied myocardial fibers of oxygen and other nutrients subsequent to the decrease in mean coronary blood flow. The decrease in flow may also account for the necrosis and degeneration of myocardial fibers which are often observed in the advanced stage of hypertrophy (10). Coronary flow is determined by three mechanical factors: I) aortic pressure or coronary perfusion pressure, 2) alterations in myocardial tissue oxygen content secondary to changes in contractility, and 3) myocardial systolic compression (3). In the present study, coronary perfusion pressure was higher than normal as a result of the elevated aortic pressure proximal to the band. is also influenced by the work performed during external shortening against a load (7). The role of external work as a determinant of myocardial oxygen consumption over and above that associated with tension development, heart rate, and contractility is analogous to the effect of external work on the oxygen consumption of skeletal muscle described by Fenn (11). In the present study, oxygen consumption of hypertrophied and n ormal left ventricles per 100 g LV wt was not significantly different. This is to be expected since the contractile state, heart rate, and external work normalized per 100 g LV wt were not significantly different in the two groups. The finding that the myocardial oxygen consumption in hypertrophied left ventricles was in the normal range suggests that the tension development in the hypertrophied ventricle was also normal. This conclusion is not consistent with observations of Laks and co-workers (22) who demonstrated a decrease in right ventricular wall tension in isolated hearts obtained from dogs with stable right ventricular hypertrophy. The difference may have been due to postmortem changes in the isolated heart preparation used by these workers. On the other hand, myocardial oxygen consumption in cardiac hypertrophy with failure was reported to be increased, presumably due to an increase in the developed tension in the dilated, failing heart (21).
Our data also demonstrate that, despite the decreased coronary flow in stable hypertrophy, myocardial oxygen consumption is maintained by increased oxygen extraction from the blood, resulting in lower venous oxygen content. The increase in oxygen extraction by the hypertrophied cardiac muscle is comparable to that observed in the isolated hypertrophied cardiac muscle from conditioned rats (33 
